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We, Imperial Qiemical ItousTBiES 
Limited, of Imperial Chemical House, Mill- 
bank, London, S.W.L, a Brmsh Ccmipany, 
do hereby declare the invention, for whidi 
we pray that a patent may be granted to us, 
and. the method by which it is to be per- 
formed, to be particularly described in and 
die following statement: — ■ 

Hiis invention relates to improvements m 
or relatmg to the manufacture of polymeric 
materials, more particularly polyurethane 
materials. 

It has already been proposed to manu- 
facture polyurethane materials by interacting 
organic polyisocyanates with hychroxyl group- 
containing polymers such as polyethers, poly- 
esters of polyesteramides, optionally in the 
presence of catalysts. It has also been pro- 
posed to modify the reaction, for example by 
the addition of water, in order to produce 
blown, cellular materials. 

It is known to incorporate further Ingres 
dients, for example fireproofing agents, in the 
reaction mixture from which such poly- 
urethane materials are made, but such furdier 
ingredients frequently require to be added ia 
such high proportions liat other properties 
of the final product are adversely affected. It 
is highly dearable that such properties as die 
fire-resistance of the product should be uni- 
form throughout, but this is not readily 
achieved when the fire-proofing agent is a 
solid since such solids are generally insolubte 
in the polyurethane-fonning reagents and it 
is not easy to secure a satisfactorily even dis- 
persion of the ingredients. Furdiermore, the 
relatively high density of the solid tends to 
cause even a_suitable dispersion to be difficult 
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to maintain, for example during storage. 

We have now found that these difficulties 
may be overcome, and these adverse effects 
upon the product may be avoided, by using 
a hydniaq^-containing polymer which itself 
comains combined halogen, in conjunction 
with an organic bromine compound wMdi 
is soluble in the reaction mixture. 

Thus according to our invention we pro- 
vide an improved process for the manufacture 
of polyurethane materials by interacting an 
organic polyisocyanate with a hydroxyl group- 
contamuig polymer such as a polyester, poly- 
esteramide or polyedier, characterised in that 
there is used a hydroxyl group-containing 
polymer which itself contains combined 
halogen atoms in its structure, in conjunction 
with an organic bromine compound soluble^ in 
one or more of the polyurethane-fonmng 
reagents. 

The hydroxyl group-containing polymer 
which itself contains combined halogen may 
be for example a polyester, polyesteramide or 
polyether, and may be made by conventional 
methods provided that at least one of the 
starting materials from which the hydroixyl 
group-containing polymer is made is a halo- 
genated compound. Examples of suitable 
halogMi-containing starting materials ficun 
which the hydroxyl group-containing polymer 
may be derived include 2:3:4; S-tetraddoro- 
phdialic acid, hexachloro endomethylene tetra- 
hydro^thalic acid and chloromaleic add. The 
corresponding fiuoro, bromo or iodo com- 
pounds are klso suitable, and the acids may 
be used in the form of their anhydrides or 
other ester-forming derivatives if^ desired. 

The polyesters or polyesteramides may be 
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made from polyhydric alcohols and poly- 
carboxylic acids and, as necessary, poly- 
functional aminoalcohols or polyamines. In 
addition to the halogen-containing compounds 
5 mentioned above, suitable polycarboxyiic acids 
include succinic, glutari<^ adipic, ^-inethyl 
adipic, azelaic, sebadc, isosebadc, phthali(^ 
isophthalic and terephthalic adds or mixtures 
thereof, and suitable polyhydric alcohols in- 
dude ethylene, 1 : 2-propylene, 1 : 3-propylene, 
l:2-butylene, 1 : 3-butylene, 1 : 4-butylene, 
1:5- pentamethylene, 1:6- hexamediylene, 
1 : 10-decamethylene, diethylene and tri- 
ethylene glycols, glycerol, hexanetriols and 
pcntaerythritol or mixtures thereof. Examples 
of polyamides and polyfunctional amines in- 
dude ethylene, propylene, tetramethylene, 
pentamethylene, hexamethylene and deca- 
niethylene diamines, monoedianolaminci 
^ dietfaanolamine, trietbanolamine, polyethylene 
polyamines, and mixtures thereof. 

The polyethers may be, for example, 
hydroxyl-^ded polymers or copolymers of 
cydic ethers, and ^podally of eti^lene oxide, 
25 propylene oxid^ epidiloiiiydrin, oxacydo- 
butane and substitneed oxacydobutanes, and 
tetrahydrofuraiL Such polyethers or copoly- 
ethers are conveniently prepared by the 
methods described in U.K. Specification No. 
^ 733,624. The halogenated material is most 
conveniently introduced by using as mitiator 
for the polymerisation of the cyclic ether either 
tile halogenated add itself or, when a 
branched polyether is required, the reaction 
35 product of the halogenated add with a polyol, 
for example the product of reaction of 1 mol. 
of halogenated diadd widi 2 moles of a 
polyol of functionality 3 or more. Poly- 
functional reagents may also be copolymerised 
w with the ether, for example glyddol, glycerol, 
trimethylolpropane and 3-hydroxymethyloxa~ 
cydobutanes. 

The quantity of the haIogenat«l starting 
material used in the preparation of the 
45 hydroxyl group-containing polymer should be 
such that the hydroxyl group-containing 
polymer contains at least 1%, and preferably 
at least 5% by wdgbt of combined halogen. 
In general, larger proportions than 15% may 
50 be used if desired but the additional ad- 
vantage resulting may not be suflSdent to 
Justify the extra cost involved. The halogen 
present is preferably bromine, smce thereby 
the greatest combmation of economy and 
55 efFa:tiveness of flame-proofing may be 
achieved, but may be dilorine, iodine or 
fluorine if so desired. 

It is ako preferred that the halogen atoms 
present in the hydroxyl group-containing 
60 polymer should be attached to aliphatic 
carbon atoms, except when such a condition 
results in the material being unstable under 
the reaction conditions employed, smce 
thereby the halogen atoms exert their maxi- 
65 mum effect in flame-proofing. 



The hydroxyl group-containing polymer 
which itself contains combined halogen may, 
if desired, be used in admixture with other 
hydroxyl group-containing polymers whidi do 
not contain halogen provided they are 70 
mutually soluble in the proportions used. 

The organic bromine compound, soluble 
in one or more of the polyurethane-fonning 
reagents, should contain at least 10%, and 
preferably at least 30% by wdght of bromine. 75 
In general, the optimum effect is obtained 
whai the organic bromine compound contains 
a high proportion of bromine, since thereby 
the quanti^ required for a given effect is 
kept to a minim um. It is usually not practi- 80 
cable, however, to use compoimds having a 
bromine content greater than about 90%. The 
bromine compound may be isocyanate-reactive, 
in which case it is resistant to loss by eva- 
poration, migration or extraction by solvents, 85 
or may be inert, as desired. It is preferred 
timt tile bromine atoms are attached to 
aliphatic rather than aromatic carbon atoms. 

Examples of bromine compounds suitable 
for dissolving in die hydroxyl groiq>-con- 90 
taining polymer indude trisO^-bromoetiiyl) 
phosphate, tris(2 : 3-dibromopropyl) phos- 
phate, brominated parajflSn waxes, benzotri- 
bromide, bromoform, benzyl bromide, 2- 
bromoethanol, 2: 3-dibromopropanol, 2:3- 95 
dibromobutanol, 1 : 4-dihydroxy-2 : 3-dibromo- 
butane, 2:2: 2-tribromoethanol, 2 : 3-dibramo- 
propionic add, 2:3- dibromo - 2 - metiiyl- 
propionic add, methyl-3 : 4 : 5 : 6-tetrabrQmo- 
phtiialate, methylhexabromo-endomethylene 100 
tetrahydrophthalate and brominated anilines, 
N-mediylanilines, o-toluidines, m-toluidines, 
p-toluidines, N-methyi-o-toluidines, N- 
methyl-m-toluidines and N - methyl - p- 
toluidines jq^ 

Examples of bromine compounds suitable 
for dissolving in water, when this is a reagent 
in the polyurethane-fonning mixture used, as 
in the preparation of foams, indude brwnal 
hydrate. jjq 

The fire-retarding properties of the product 
may be improved still further by the addition 
of solid arsenic, antimony or bismuth OHn- 
pounds, particularly the oxide or sulphide, 
but this modification involves the incon- 115 
venience resulting from the use of solid addi- 
tives. Neverthdess, if this inconvenience can 
be tolerated, an enhanced fire-proofing effect 
may be obtained. An improved fire-proofing 
effect may also be obtained by tiie addition 120 
of solid arsenic, antimony or bismuth com- 
pounds in the absence of the added 
brominated flame-proofing material, but 
again the above objections apply. 

The proportion of the organic bromine 125 
compound to be employed is usually between 
5% and 25%, preferably 10%~20%, of die 
weight of the hydro^l group-contaming 
polymer. Larger proportions may be used if 
desired but litde .additional advantage is 130 
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thereby achievedj and smaller proportions may 
be usedj but the increase in fireprcofing effect 
thereby achieved is usually not sufficient for 
general utility. 

5 As examples of polyisocyanates which may 
be used in the prooess of the present inven- 
tion, there may be mentioned tolylene-2:4- 
and -2:6-diisocyanates, and p-phenylcne 
diisocyanates, chlorophenylene-2 : 4-diiso- 

10 cyanate, polymerised tolylene-2: 4- and 
-2 : 6-diisocyanates, 2:4: 6-triisocyanato 

toluene, or mixtures thereof. The polyiso- 
cyanates may be partially polymerised or 
may be modified by treatment with glycols 

15 or polyhydric alcohols. 

The polyurethane products may be homo- 
geneous or cellular, rigid or flexible^ and 
may be made by continuous or discontinuous 
mixing methods, as desired. The invention is 

20 especially valuable in the manufacture of 
foamed, cellular materials, and particularly 
of rigid products. 

Other known adjuvants may also be added 
to the reaction mixture from which the poly- 

25 urethanes are made, for example catalysts, 
sxurface active agents, fillers, plastidsers and 
the like and, in the case of foamed polyure- 
thanes, water as necessary. 

The invention is illustrated but not limited 

30 by the following Examples in which the parts 
and percentage are by weight. 

Example 1. 
A mixture of 408 parts of pentaerythritol, 
945 parts of l:3-butylene glycol, 1314 parts 
35 of adipic add and 583 parts of hexachloro- 
endomethylene tetrahydit>phthalic add was 
heated and stirred in a stream of carbon 
dioxide gas at temperatures up to 160°Q 



whilst distilling off water of reaction. The 
product was a brown, liquid polyester of add 
value 33.6 mg. KOH/g., hydroxyl value 
221.6 mg. KOH/g. and viscosity of 392 
poises at 25*^C. 

Into 100 parts of tiiis polyester were dis- 
persed by Stirling 4 parts of water, 1 part 
of the condensation product of octyl cresol 
with 9.5 molecular pn^rtions of ethylene 
oxide, and 15* parts of 2 : 3-dibromopropanoL 
125 Parts of a diphenylmethane diisocyanate 
composition, prepared by phosgenating crude 
diaminodiphenylmethane, containing about 
15% of polyamines (mainly triamines) ob- 
tained by condensing formaldehyde with 
aniline in the presence of hydrochloric add, 
were then added and t&e whole was 
vigorously stirred for 2 minutes. The mixture 
was then poured into a mould, where it 
foamed to produce a rigid, cellular structure 
of fine texture. The above procedure was 
repeated with the omission of the 2:3- 
dibromopropanol. 

Samples of the resulting foams were 
tested for flame resistance, using the follow- 
ing test: 

A laminate 7" square and 1^" thick is 
cut from the foam to be tested. The flame 
from a Bimsen burner at full gas pressure 
and maximum air inlet is directed at an 
angle of 45° to the vertical on to the cut 
face of the laminate, so that the tip of the 
blue cone of the flame is from the surface 
of the foam. After 10 seconds flame appli- 
cation the gas suppty is cut off, and then 
the time for all the flames to be extinguished 
is measmed. This t^'"^ is taken as a measure 
of the degree of flame resistance of the foam. 

The results of the tests were as follows:— 
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Density 
(lbs* per cubic foot) 


Flame Extinction 
Time (seconds) 


Foam containing 2:3-dibrQmo- 
propanol 


2.51 


2.5 


Foam made in the absence of 2:3- 
dibromopropanol 


2.23 


20 



Example 2. 

80 A mixture of 181 parts of pentaerythritol, 
420 parts of l:3-bu^lene glycol, 584 parts, 
of adipic add, 154 parts of tetrabromo- 
phtfaalic anhydride and 51 parts of phthalic 
anhydride was heated and stirred in a stream 

85 of carbon dioxide gas at temperatures up 
to 165°C. \diilst distilling off water of reac- 
tiwL The product was a brown liquid poly- 
ester of acid value 282 mg. KOH/g., 
hydroxyl value 240 mg. KOH/g. and vis- 

90 cosity of 418 poises at 25®C 

Into 100 parts of this polyester were dis- 
persed by stirring 4 parts of water, 1 part 



of the condensation product of octyl cresol 
with 9.5 molecular pr<^orticms of ethylene 
oxide, and 15 parts of 2 : 3-dibromopropjmoL 
120 Parts of the diphenylmethane diiso- 
cyanate composition of Example 1 were 
added, and tiie whok was vigorously stirred 
for 2 mimites. The mixture was then poured 
into a mould where it foamed to produce a 
rigid cellular structoie of fine texture. 

The above procedure was repeated with 
the omission of the 2: 3-dibromopropanoL 

The densities and flame extinction times, 
determined by the method described in 
Example 1^ were as follows:— 
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Density Flame Extinction 

(lbs. per cubic foot) Time (seconds) 



Foam containing 2:3-dibtomo- 

propanol 2.66 3.0 

Foam made in. the absence of 2:3- 

dikromopiopanol 2.66 25 
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In our eariier Application No. 27038/58 
(Serial No. S95fi66) we have claimed an 
improved process for the manufacture of 
polymeric materials by interacting an organic 
polyisocyanate with a hydroxy! group- 
containing material such as a polyester, poiy- 
esteramide^ or polyetfaer^ chaiaccerised in that 
there is incorporated therein at least one 
compound containing a halogen or phos- 
phorous atom and also at least one iso- 
cyanate rea ctive group in the molecule. 

WHAT WE CLAIM IS: — 

1) Improved process for the manufacture 
of polyurethane materials by interacting an 
organic polyisocyanate with a hydroxyl 
group-containing polymer such as a poly- 
ester, polyesteramide or polyether, charac- 
terised in that there is used a hydroxyl group- 
containing polj^er which itself contains com- 
bined halogen atoms in its structure, in con- 
junction with an organic bromine compoimd 
soluble in one or more of the polyurethane- 
forming reagents. 

2) Improved process for the manufacture 
of polyurethane materials as claimed in claim 
1 wherein the quantity of the halogenated 
starting material used in the preparation of 
the hydroxyl group-containing polymer is 
sudi that the hydroxyl group-containing 
polymer contains at least 1%, and preferably 
at least 5% by weight of combined halogen. 

3) Improved process for the manufacture 
of polyurethane materials as daimed in daim 
1 or daim 2* wherein the halogen in the 
hydroxyl group-ccmtaining polymer is 
bromine. 

4) Improved process for the manufacture 
of polyurethane materials as claimed in any 



of the preceding daims wherein the halogen 40 
atoms in the hydroxyl group-containing 
polymer are attached to aliphatic carbon 
atoms. 

5) Improved process for the manufactoro 

of polyurethane materials as daimed in any 45 
of the preceding dauns wherein the organic 
bromine compound contains at least 10%, 
and preferably at least 30% by weight of 
bromine. 

6) Improved process for the manufacture 50 
of polyurethane materials as claimed in any 

of the preceding daims wherem the bromine 
atoms in the organic bromine compound are 
attached to aliphatic carbon atoms 

7) Improved process for the manufacture 55 
of polyiiethane materials as daimed in ai^ 

of the preceding claims wherein the pro- 
portion of the organic bromine compound 
employed is between 5% and 25%, pre- 
ferably between 10% and 20%, of the wei^ 60 
of the hydroxyl group-containing polymtt. 

8) Improved process for the manufacture 
of polyurethane materials as daimed in ai^ 
of the preceding dauns when applied to Ae 
manufacture of foamed, cellular materials, 65 
and particularly of rigid products. 

9) Improved process for the maimfactore 
of polyurethane materials substantially as 
hereinbefore described espedally with refer- 
ence to the foregoing Examples. 70 

10) Polyurethane materials whenever pre- 
pared by a process claimed in any of the 
preceding claims or by an obvious chemical 
equhralent thereof. 

WALTER SCX)TT, 
Agent for the Applicants. 



PROVISIONAL SPECIFICATION 

Improvements in or relating to the manufacture of 
Polymeric Materials 



We, Imperial Chemical Industries 
Limited of Imperial Chemical House, MilU 
bank, London, S.W.I, a British Company 
do hereby declare this invention to be des- 
cribed in the following statement: — 

This invention relates to improvements in 
or relating to the manufacture of polymeric 
materials, more particularly polyurethane 
Aiaterials. 



It has already been proposed to manu- 
facture pdymeric materials by interacting 
organic polyisocyanates witii hydroxyl group- 
containmg materials such as polyethers, poly- 
esters or polyesteramides, optionally in the 
presence of catalysts. It has also been pro- 
posed to modify the reacticm, for example 
by the addition of water, in order to produce 
blown, cellular materials. 
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It is known to incorporate further ingre- 
dients, for example fireproofing agents, in 
the reaction mixture from which such poly- 
meric materials are made, but such further 
5 ingredients frequently require to be added 
in such high proportions that other pro- 
perties of the final product are adversely 
affected. It is highly desirable that such 
properties as the fire-resistance of the product 
10 should be uniform throughout, but this is 
not readily achieved when the fire-proofing 
agent is a solid since such solids are 
generally, insoluble in the polyurethane- 
forming reagents and it is not easy to secure 
15 a satisfactory even dispersion of the ingre- 
dients. Furthermore, the relatively high 
density of the solid tends to cause even a 
suitable dispersion to be difficult to maintain, 
for example during storage. 
20 We have now found that these difficulties 
may be overcome, and these adverse effects 
upon the product may be avoided, by using 
a hydroxyl-containing material which itself 
contains combined halogen, in conjunction 
25 with another organic halogen compound 
which is soluble in the reaction mixture. 

Thus according to our invenucHi we 
provide an improved process for the manu- 
facture of polymeric materials by interacting 
30 an organic polyisocyanate with a hydroxyl 
group-containing material such as a polyester, 
pc^yesteramide or polyether, characterised 
in that there is used a hydroxyl groiip- 
containing material which itself contains 
35 combined halogen atoms in its structure, in 
conjunction with an organic halogen com- 
pound soluble in one or more of the poly- 
urethane-forming reagents. 
The hydroxyl group-containing material 
40 which itsdf contains combined halogen naay 
be for example a polyester, polyesteramide 
or polyester, and may be made by conven- 
tional methods provided that at least one of 
the starting materials from which the 
45 hydroxyl group-containing material is made 
is a hialogenated compound. Examples of 
suitable halogen-containing starting materials 
from which the hydroxyl group-containing 
material ntiay be derived include 2:3:4:5- 
50 teirachlorophthalic acid, hexachloroendo- 
methylene tetrahydrophtbalic acid and 
chloromaleic add. The corresponding finoro, 
bromo or iodo compounds are also suitable, 
and the acids may be used in the form of 
55 their anhydrides or other ester-formmg deri- 
vatives if desired. 

The polyesters or polyesteramides may be 
made horn polyhydric alcohols and poly- 
carboxylic acids and, as necessary, poly- 
60 functicMial aminoalcohols or polyamines. in 
addition to the halogen-containing com- 
pounds mentioned above, suitable poly- 
carboxylic acids include succinic, ^utatic, 
adipic, ^-methyl adipic, azdai<^ sebadc> 
65 isosebacic, phthalic, isophdbalic and teie- 



phthalic acids or mixtures thereof, and 
suitable polyhydric alcohols include ethylene, 
1 : 2-propylene, 1 : 3-propylene, 1 : 24>utylene, 
1:3- butylene, 1:4- butylene, 1 : 5-penta- 
methylene, 1 : 6-hexamethylene, 1 : 10-deca- 70 
methylene, diethylene and triethylene glycols, 
glycerol hexanetriols and pentaerythritol or 
mixtures thereof. Examples of polyamines and 
polyfunctional amines include ethylene, pro- 
pylene, tetramethylene, pentamethylene, hexa- 75 
methylene and decamethylene ^ diamine^ 
monoethanolamine, diethanolamine, tri- 
ethanolamine, polyethylene polyamines, and 
mixtures thereof. 

The polyethers may be, for example^ 80 
hydroxyl-ended polymers or copolymers of 
cyclic ethers, and especially of ethylene oxide, 
propylene aside, epichlorhydrin, oxacyclo- 
butane and substituted oxacydobutanes^ and 
tetrahydrofuran. Such polyethers or copoly- 85 
ethers are conveniently prepared by the 
methods described in U.R. Spedficodon No. 
733,624. The halogenated material is most 
convenientiy introduced by usmg as initiatcnr 
for the polymerisation of the cyclic edier 90 
either the halogenated add itself or, wheii a 
branched polyether is xeqinred^ the reaction 
product of the halogenated add with a polyol, 
for example the product of reactum of 1 moL 
of halogenated diadd with 2 moles of a polyol 95 
of functionality 3 or more, Polyfunctional 
reagents may also be copolymerised with the 
ether, for example gjyddol, glycerol, tri- 
methylolpropane and 3-hydroxymethyloxa- ■ 
cydobutanes. ^ 100 

The quantity of the halogenated starting 
material used in the preparation of the 
hydroxyl group-containing material should be 
such that the hydroxyl group-containing 
material contains at least 1%, and preferably 105 
at least 57© by weight of combined halogen. 
In general, larger proportions than 15% may 
be used if desired but the additional advan- 
tage resulting may not be suffident to justify 
the extra cost involved. The halogen present 110 
is preferably bromine, since thereby the 
greatest combination of economy and 
effectiveness of flame-proofing may be 
achieved, but may be chlorine;, iodme or 
fluorine if so desired. 115 

It is also preferred that the halogen atoms 
present in the hydroxyl group-containing 
material should be attach^ to aliphatic 
carbon atoms, except vrhen such a condition 
results in the material being unstable under 120 
the reaction conditions employed, since 
thereby the halogen atoms exert their mazt- 
mum effect m flame-proofing. 

The hydroxyl group-containing material 
which itself contains combined halogen may, 125 
if desired, be used in admixture with other 
hydroxyl group-containing materials whidi 
do not contain halogen provided ihey are 
mutually soluble in the propc^ons us^. 
The organic halogen compound, soluble in 130 
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one or more of the polyurethane-forming 
reagents, should contain at least 10%, and 
preferably at least 30% by weight of halogea. 
In diis instance also, it is preferred diar 

5 the halogen should be bromine though it may 
be chlorine, iodine or fluorine if desired. In 
general, the optimum effect is obtained when 
the organic halogen compound contains a 
high proportion of halogen, since thereby 

A" the quantity required for a given eflfea is 
kept to a minimum. It is usually not practic- 
able, however, to use compounds having a 
halogen content greater than about 90%. 
The halogen compound may be isocyanate- 

15 reactive, in which case it is resistant to loss 
by evaporation, migration or extraction by 
solvents, or may be inert, as desired. It is 
preferred that the halogen atoms are attached 
to aliphatic rather than aromatic carbon 
20 atoms. 

Examples of halogen compounds suitable 
for dissolving in the hydroxyl group-contain- 
mg material include tri-(^-chloroethyl)phos- 
^if^ tri-(2:3-dichloropropyl)phosphate, 
25 chlormated paraflSm waxes, benzotrichloride, 
chloroform, benzyl chloride, 2-chloroedianoI, 
2 : 3-dichloropropanol, 2 : 3-dichlorobutanol, 
1 : 4-dihydroxy-2 ; 3-dichlorDbutane, 2:2-2- 
trichloroethanol, 2 : 3-dichloropropionic add, 
30 2:3-dichloro-2-methylpropionic acid, methyl- 
3^ 4 : 5 : 6-tetrachlorophthalate, methyl-hexa- 
chloro-e«if(7-mediylene tctohydiophthalate, 
and chlorinated anilines, N-methylanilines, 
o-toluidines, m-toluidines, p-toluidines, N- 
35 methyl-o-toluidines, N-mediyl-m-tdrndmes 
and N-methyl-/Ktoluidines. Hiere may also 
be mentioned the corte^onding fluoio, 
bromo and iodo compounds. 
An r ^^™Pl^ of halogen compounds suitable 
40 for dissolving in water, when this is a reagent 
in the polyurediane-foiming mixture used, 
as in the preparation of foams, are chloral 
hydrate and the corresponding fluoro, bromo 
and iodo compounds. 
45 The fire-retarding properties of the product 
may be improved stiU further by die addi- 
tion of solid arsenic, antimony or bismuth 
compounds, pardcularly the oxide or sul- 
phide, but this modification involves the in- 
50 conyem'ence resulting from the use of soh'd 
additives. Neverriidess, if this inconvenience 
c^n be tolerated, an enhanced fire-proofing 
effea may be obtained. An improved fire- 
proofing effect may also be obtained bv 
55 ^e addition of solid arsenic, antimony or 
biOTMith compounds in the absence of the 
added halogenated flame-proofing material, 
but again the above objections apply. 
The proportion of the organic halogen 
60 compound to be employed is usually between 
5% and 25%, preferably 10%— -20%, of the 
weight of the hydro^l group-containing 
material. Larger proportions may be used if 
desired but little additional advantage is 



thereby achieved, and smaller proportions 65 
may be used, but the increase in fire-proofing 
effect thereby achieved is usually not sufli- 
cient for general udlity. 

As examples of polyisocyanates which may 
be used in the process of the present inven- 70 
tion, there may ben mentioned tolylene-2 : 4- 
and -2:6-diisocyanates, m- and p-phenylene 
diisocyanates, chiorophenylene - 2:4 - di- 
isocyanate, polymerised tolylene-2 : 4- and 
-2:6 - diisocyanates, 2:4:6 - triisocyanato 75 
toluene, or mixtures thereof. Tlie polyiso- 
q^tes may be partiaUy polymerised or may 
be modified by treatment widi glycols or 
polyhydric alcohols. 

The polyurethane products may be homo- 80 
geneous or cellular, rigid or flexible, and may 
be made by continuous or discontimious 
mixing methods, as desired. The invention is 
especially valuable in the manufacture of 
foamed, cellular materials, and particularlv S5 
or ngid products. 

Other known adjuvants may also be added 
to the reaction mixture from which the poly- 
utethanes are made, for example catalysts, 
surface active agents, fillers, plasticisers and 90 
the hke and, in die case of foamed poly- 
uiethanes, water as necessary. 

llie invention is illustrated but not limited 
by the following Examples in which the parts 
and percentages are by weight. 95 

Example 1. 
A mixture of 408 parts of pentaerydiritol, 
945 parts of l:3-butylene glycol, 1314 parts 
of adipic aad and 583 parts of hexachloro- 
cndomethylene tetrahydrophtiaalic add was 100 
heated and stirred in a stream of carbon 
dioxide gas at temperatures up to 160°C 
whilst distilling off water of reaction. The 
product was a brown, Hquid polyester of acid 

^^'^ ^y^^l value. 105 

mg. KOH/g. and viscosity of 392 
poises at 25°C 

Into 100 parts of this polyester were dis- 
persed by stirring 4 pans of water, 1 part 
of condensation product of octyl cresol with 110 
9.5 molecular proportions of ethylene oxide, 
and 15 parts of 2 : 3-dibromopropanoL 125 
Parts of a diphenylmethane diisocyanate com- 
position, prepared by phosgenating crude 
diaminodiphenylmethane, containing about 115 
15% of polyamines (mamly triamines) ob- 
tained by condensing formaldehyde with 
aniline in the presence of hydrochloric acid, 
were then added and the whole was 
vigorously stirred for 2 minutes. The mixture 120 
was then poured into a mould, where it 
foamed to produce a rigid, cellular structure 
of fine texture. The above procedure was re- 
peated using 15 parts of tri-^jff-chloroetbyl)- 
phosphate in place of the 15 parts of 2:3- 125 
dibromopropanol, and agam repeated widi 
the omission of the 2 : 3-dibromopropanol. 
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Samples of the resulting foams were tested 
for flame resistance, using the following 
test: 

A laminate T square and 1^" thick is 
cut from the foam to be tested. The flame 
from a Bunsen burner at full gas pressure 
and maximum air inlet is directed at an 
angle of 45° to the vertical on to the cut 
face of the laminate, so that the tip of the 



blue cone of the flame is ^" from the sur- 
face of the foam. After 10 seconds flame 
application the gas supply is cut off, and 
then the time for all die flames to be 
extinguished is measured. This time is taken 
as a measure of the degree of flame resistance 
of the foam. 

The results of the tests were as follows; — 



10 



15 



(lbs. 


Density 
per cubic foot) 


Flame Extinction 
Time (seconds) 


Foam containing 2:3-dibromo- 
propanol 


2.51 


2.5 


Foam containing tri-(p-diloroethyl)- 
phosphate 


2.53 


2 


Foam containing neither of the above 
ingredients 


2.23 


20 



Example 2. 

20 A mixture of 181 parts of pentaerytfaritol, 
42Q parts of l:3-butylene glycol, 584 parts 
of adipic add, 154 parts of tetrabromo- 
phthalic anhydride and 51 parts of phthalic 
anhydride was heated and stirred in a stream 

25 of carbon dioxide gas at temperatures up to 
165^C. whilst distilling off water of reaction. 
The product was a brown liquid polyester of 
acid value 28.2 mg. KOH/g., hydroxyl 
value 240 mg. KOH/g. and viscosity of 418 

30 poises at 25°C. 

Into 100 parts of this polyester were dis- 
persed by stirring 4 parts of water, 1 part 
of the condensation product of octyl cresol 
with 9.5 molecular proportions of ethylene 



oxide, and 15 parts of 'ZiS-dibromopropanDL 
120 Parts of the diphenyl-methane diiso- 
cyanate composition of Example 1 were 
added, and the whole was vigorously stirred 
for 2 minutes. The mixture was then poured 
into a mould where it foamed to produce a 
rigid cellular structure of fine texture. 

The above procedure was repeated using 
15 parts of tri-(|j8-chloroethyl)phosphate in 
place of the 15 parts of 2:3-dibromo- 
propanol, and again repeated with the omis- 
sion of the 2:3-dibromopn)panol. 

The densities and flame extinction times, 
determined by the mediod described in 
Example 1, were as follows: — 



35 



40 



45 



Density 
(lbs. per cubic foot) 


Flame Extinction 
Time (Seconds) 


Foam containing 2:3-dibrcmio- 

propanol 2.66 


3.0 


Foam containing txi(p-chloroethyl)- 

phosphate 2.80 


2.5 


Foam containing neitiier of the above 

ingredients 2.66 


25 


WALTER SCX>TT, 
Agent for the Applicants. 
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